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1.0EXECUTIVE SUMMARY
Thisreportdescribestheresultsofanexperimentalstudytomeasurethesorptionof
fissileactinidesonmonosodiumtitanate(MST)atconditionsrelevanttooperationofthe
ActinideRemovalProcess(ARP). Thestudyexaminedtheeffectofasinglecontactofa
largevolumeofradionuclide-spikedsimulantsolutionwithasmallmassofMST. The
volumeofsimulanttoMST (8.5L to0.2gofMST solids)wasdesignedtomimicthe
maximumphaseratiothatoccursbetweenthemultiplecontactsofMST andwaste
solutionandwashingoftheaccumulatedsolidscycleofARP. Thisworkprovidesthe
followingresults.
. Afteracontacttimeof~2weeks,wemeasuredthefollowingactinideloadingson
theMST (averageofsolutionandsolidsdata),
Pu: 2.79:i:0.197wt%,
U: 14.0:i:1.04wt%,and
Np:0.839:i:0.0178wt%.
. Theplutoniumanduraniumloadingsreportedaboveareconsiderablyhigherthan
previouslyreportedvalues.I,2,3Thehigherloadingresultromtheveryhigh
phaseratioandthehighinitialmassconcentrationsofuraniumandplutonium.A
separateupcomingdocumentdetailsthepredictedvaluesforthissystemversus
theresults.
. ThestrontiumDF valuesmeasuredinthesetestsprovedmuchlowerthanthose
reportedpreviouslywithsimulantshavingthesamebulkchemicalcomposition.4
ThelowstrontiumDF valuesreflectheverylowinitialmassconcentrationf
strontiuminthissimulant(:S100JlgIL)comparedtothatinprevioustesting
~600JlglL).
. TheresidualMST stillcontinuedtoremoveactinidestromsolutionafteraperiod
of~3200hourstromthestartoftheoriginalexperiment.
2.0INTRODUCTION
TheActinideRemovalProcess(ARP)servestoremoveradioactivestrontiumandalpha
activityfromhigh-levelwastesolutions.Highlevelwastetransfersintothebatchreactor
andcontactsMST. After24-hoursofcontact,hesuspensionis filteredtoaffecta
separationofthesolidsandthedecontaminatedsolution.Thedecontaminatedwaste
solutiontransfersontoeithertheModularCaustic-SideSolventExtractionUnitorthe
SaltstoneDisposalFacility.TheMST solidsremaininthebatchreactor.Thisoperation
isrepeateduntiltherearesufficientsolidsfortransferintotheDefenseWasteProcessing
Facility(DWPF).Currentoperationalp anningindicatesthatasmanyas17batch
contactswill occurinaprocesscycle.
.
5
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TestinginsupportofthedownselectionoftechnologyforSRSwastepretreatment
technologymeasureduraniumloadingsontoMST wellabovethemaximumvalue
determinedunderconditionsrelevanttothenow-abandonedIn-TankPrecipitation(ITP)
process.2ThehigheruraniumloadingsontoMST andtheoperationalstrategyofupto17
batchcontactsprovidesanopportunityformuchhigherfissileloadingsontotheMST in
theARP facilitycomparedtotheITP facility.Thus,CBU requestedthatSRNL
determinefissileloadingsofuranium,plutoniumandneptuniumunderconditions
relevanttotheARP facility.5,6Thisreportprovidesasummaryoftheresultsofthis
study.
3.0EXPERIMENTAL
Thetestsusedasimulatedwastesolutionpreparedspecificallyforthiswork.Thebulk
chemicalcompositionofthissimulantis identicaltothatdevelopedbySRNL fortesting
MST performanceinsupportof saltprocessingattheSavannahRiverSite.7,8,9Table1
providesthetargetchemicalandradiochemicalcompositionofthesimulant.The
quantitiesofactinidecomponentsderivefromSRNLsolubilitycalculationsandwere
selectedtomaximizetheloadingofactinidesontotheMST. Theselectedtargetactinide
concentrationsareconsideredreasonableapproximationsofthemaximumsoluble
concentrationsanticipatedforARP operationsbasedonfeedstreampredictions.
A highconcentrationf strontiumcouldpotentiallyreducetheloadingoftheactinide
elementsontotheMST. Thus,weminimizedtheconcentrationf stablestrontiuminthe
simulanttoreducethepotentialforloadingstrontiumontotheMST. Wepreparedthe
simulantusingreagentgradechemicalsanddeionizedistilledwater(DDI)in
accordancewiththeestablishedprocedure.10
To satisfyallthegoalsofthisstudy,theresearchersfollowedaseriesof stepsdetailed
below.
· Technicianspreparedthesimulantsolution.Thesimulantwasverifiedtocontain
theproperquantitiesof85Sr,238U,and239/240pUaccordingtoSRNLprocedures
(seeAppendixI).
· Thepreparedsimulantstirredfor2weekstoallowfortheactinidestoequilibrate
intosolution.Duringequilibriumthesimulantwassampledforsupernatant
radioisotopeconcentrations.At theendof2weeksit appearedthatequilibration
wascompleteandthesimulantwasdeemedreadyforuse(seeAppendixI).
-
· Technicianssplitthesimulantintothreeexperimentalbottles(Bottles#1,#2,#3)
andonecontrolbottle.Eachbottlecontained8.5L ofthesimulantsolution.
6
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· Personneladded0.2gofMST solids(0.0235gMST/L)preparedbyOptima
Chemicals,Inc.(Batch#00-QAB-417)toeachbottleandallowedcontactfor7
days.Thebottleswereagitatedusingamagneticstirrer.
· Duringthe7dayperiod,technicianssampledthesupernatanti theexperiment
andcontrolbottlesat4,6,8,24,96,and168hours.Duetodelaysinfiltering,a
finalfiltratesamplewaspulledjustafterfiltrationfinishedforeachbottle.This
finalsampleoccurredateither336or384hours(dependingonwhichbottle).
· At thecompletionoftesting,thetechniciansfilteredtheMST usingaremovable
0.45J-lmnylonfilterandretainedtheMST foranalyses.
· After~4.5monthsoftimefromthestartoftheexperiment,thecustomer
requestedwesampleachofthebottlesagaintoseeif theresidualMST still
sorbedactinidesandstrontium.
Table1. TargetCompositionofSimulatedWasteSolution
Thethreebottlesusedintheexperimentsarereplicatesofeachother.Controlsamples
werepulledatthesametimeoftheexperimentalsamples,exceptforthe336or384hour
sample.
-
.J SRNLdidnotdeliberatelyaddcoldstrontium.Insuchcases~100J.!g/Lofstablestrontiumtypically
entersthesimulantasimpuritiesfromthechemicalreagents,basedonmeasurementsofpriorsimulants
preparedinthismanner.
7
Component TargetConcentration
NaN03 2.60M
NaOH 1.33M
Na2S04 0.521M
NaAI(OH)4 0.429M
NaN02 0.134M
Na2C03 0.0260M
TotalNa+ 5.60M
ColdStrontium 100 J-lg/L "
85Sr 9.54E-04ug/L
237Np 500 ug/L
238U 25,000 J-lg/L
239/40pU 1200J-lg/L
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Theexperimentsdidnotincludethepresenceofanyentrainedsludgesolids.The
presenceof solidswouldaddthepotentialforleachingradionuclidesfromthesludgeand
couldprovideavariationintheconcentrationsofpotentialsorbatesinsolution.
All experimentswereperformedatambientlaboratorytemperatureandpressure.The
temperaturewasmonitoredatleastonceperdayandrangedfrom18.8to21.8°Coverthe
testingperiod.
3.3SamplingMethodology
Foreachsolutionsample,weremovedasub-surfacealiquotfromthetestbottle.We
filteredthrougha0.1J.lmsyringefiltertoremoveanysolidsandacidifiedameasured
volumeofthefiltratewithanequalvolumeof5.0M HN03.Weinspectedtheacidified
samplesafterstandingforaminimumof2hoursforevidenceof solids.Thepresenceof
. solidscouldintroduceanerrorintothedeterminationoffissileconcentrations.All
acidifiedsampleswerefoundtobeclearwithnoevidenceofanysolids.
Table2liststheanalysesforthesolutionandrecoveredMST solidssamples.We
correctedthereported85Srgammactivitiesfordecaybetweenthetimethesamplewas
takenandthegammaspectrumwasrecorded.
At theconclusionoftheexperimentwerecoveredtheMST solidsbyfiltration.We
attemptedtodissolvetherecoveredsolidsina1:1mixtureofconcentratedsulfuricacid
andwater.PrevioustestingfoundthatMST solidsloadedwithplutoniumanduranium
readilydissolvedinthisacidicsolution.3WeobservedthathesolidsfromBottle#3
readilydissolvedinthesulfuricacidsolution.However,thesolidsrecoveredfrom
Bottles#1and#2didnotcompletelydissolve. .
AdditionsofHN03,H202,andNaFalsofailedtocompletelydissolvethesesolids.Thus,
wefiltered issolutionsuspensionsandrecoveredtheundissolvedsolidsandthefiltrate
fromthisstep.Thefiltratewasrecovered,ilutedtoaknownvolumeandsubmittedto
determinetitanium,actinideand85Srcontent.Werecoveredtheundissolvedsolidsand
performedasodiumperoxidefusiontoconvertthesolidstoaformthatwoulddissolvein
acid.Theperoxidefusionprovedsuccessfulandwedeterminedthetitanium,actinide
and85Srcontentofthesesolidsaswell.
Table2. SampleAnalysisPlans
-
8
..I
Analysis
Simulated Digested
WasteSolution MST Solids
ICP-ES(Ti) X
ICP-MS(U) X X
Gammascan(Sr) X X
PuTTA (Pu) X X
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4.0EXPERIMENTAL RESULTS
Thechemicalandradiochemicalcompositionofthesimulantmetthetarget
concentrationsforallcomponentsexceptplutonium.Theplutoniumconcentration
measured885J.lglLcomparedtothetargetof 1200J.lglL.Thisresultisnotunexpectedas
avalueof885J.lglLfallswithintheconfidenceintervalforplutoniumsolubilityfora
solutionhavingthechemicalcompositionaslistedinTable1.
Theplutoniumconcentrationinthissimulantisaboutafactorof4higherthanthatused
inpreviousimulanttesting7,8,9andafactorof2 higherthanthatinactualwaste
testing.11At theconclusionoftheexperiment,thesolutioncontainedapproximately
120J.lglLofplutonium.Thisindicatesthathesystemcontainedsufficienttotalmassof
plutoniumforachievinghighmassloadingsontotheMST solids.Notethathesolution
concentrationfplutoniumwascontinuingtodecreasewiththefinalsamplingtime
(ca.2weeks).Thisindicatesthathesystem aynothavereachedequilibriumatthe
timeweconcludedtheexperiment.
At theendoftheexperiment,theloadedMST solidswererecoveredbyfiltration.MST
solidsrecoveryrangedfrom33.4%to78.1%,asmeasuredbytitaniumcontentupon
dissolutionoftherecoveredsolids.Solidslosseslikelyreflectretentionofthesmall
quantitiesofsolids(44- 130mgMST)withinthelarge10litercarboysusedforthe
tests.
Recoveredsolidsfromtwoofthetestscontainedasmallamountof solidsthatdidnot
dissolveinsulfuricacidevenuponadditionofadditionaloxidizingandcomplexing
agents,hydrogenperoxideandfluoride,respectively.Webelievethathesesolidswere
aluminosilicatesformedfromthealuminuminthesimulantandsilicatesleachedfromthe
filteringglassware.Weaffectedissolutionofthesesolidsusingaperoxidefusion
techniquedevelopedbytheAnalyticalDevelopmentSectionofSRNL. Analysisofthe
solutionsproducedbythisdissolutiontechniquer vealedthatheseresidualsolids
showednegligibleamountsofactinidesorstrontium.
4.1PlutoniumResults
4.1.1PlutoniumRemovalfromSolution
Table3providesthesolutionconcentrationsofplutoniumateachsamplingtimeforthe
testandcontrolbottlesbythePuTTA andICP-MSmethods.Table4providesthe
decontaminationfactors(DF)foreachsamplingtime.Figures3and4arethegraphical
representationsfthedata.Theresultshowahighdegreeofprecisionamongthethree
replicatesandtheanalyticalmethods.
-
9
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Duetothelargeliquid:MSTratio,therateofremovalandfinalDF valuesarelessthan
underlowerphaseratioandlowerinitialsorbateconcentrations.Afterapproximately
twoweeksofcontact,heaveragefinalDF measured7.65.Cautionshouldbeexercised
whenusingtheshorterm«24 hours)data.Theshortcontacttimedataisdifficulto
distinguishfromthecontrolwhenevaluatedwiththeanalyticaluncertainty.
Table3.PlutoniumActivitiesandConcentrations
NA =samplenotpulled
* Time0isbeforeMST additionandistheaverageof fourvalues
** Thetime=338and384samplesreportanduseonly239puvalues
Table4. PlutoniumDFValues
-
NA =samplenotpulled
10
-
Time 239/240pUValuesbyPuTTA 239/24OpUValues byICP-MS
(hours)
glL IlgiL
Bottle1 Bottle2 Bottle3 Control Bottle1 Bottle2 Bottle3 Control
0* 882(:i:94.6) 885(:i:177)
4 740(:f:41.4) 727(:1::35.6)855(:1::53.0) 706(:i:l41) 717(:i:l43) 686:1::(:i:l37)798(:i:l60)
731(:1::36.6)
6 684(:1::39.7) 692(:f:40.1) 665(:1::35.2)789(:f:41.8) 701(:1::140) 685(:1::137) 675(:i:l35) 788(:i:l58)
8 679(:1::34.0) 678(:1::33.2) 716(:1::35.1) 732(:1::35.2) 687(:i:l37) 671(:i:l34) 680(:i:l36) 788(:1::158)
24 597(:1::28.1) 637(:1::29.3) 628(:1::31.4) 852(:f:41.8) 646(:1::129) 637(:1::127) 637(:i:l27) 802(:1::160)
96 505(:1::26.3) 470(:1::21.6) 473(:1::25.1) 858(:1::41.2) 473(:1::94.6) 499(:1::99.9) 484(:1::96.9) 786(:i:l57)
168 315(:1::15.8) 351(:i:l8.9) 328(:i:l9.3) 856(:1::49.7) 330(:1::65.9) 349(:1::69.7) 313(:1::62.6) 792(:1::158)
336 121(:1::6.27) NA NA NA 129**(:1::25.8) NA NA NA
384 NA 113(:1::5.75)80.1(:1::3.69) NA NA 137**(:1::27.3)141**(:1::28.1) NA
239/24OpUDF Valuesby 239/24OpUDF Values by
Time PuTTA ICP-MS
(hours) Bottle Bottle Bottle Bottle Bottle Bottle
1 2 3 1 2 3
4 1.19 1.21 1.03 1.26 1.24 1.30
6 1.29 1.27 1.33 1.27 1.30 1.32
8 1.30 1.30 1.23 1.29 1.33 1.31
24 1.48 1.38 1.40 1.38 1.40 1.40
96 1.74 1.88 1.86 1.88 1.78 1.84
168 2.80 2.51 2.69 2.70 2.55 2.84
336 7.31 NA NA 6.89* NA NA
384 NA 7.83 11.0 NA 6.52* 6.33*
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* Thetime=338and384samplesreportanduseonly239puvalues
Figure3. PlutouiumCoucentrationversusTimeasMeasuredbyPuTTA
1000
Figure4. PlutoniumConcentrationversusTimeasMeasuredbyICP-MS
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InFigure4,thestarredatapointscontainonly239pUdataasthe240pUvaluesfellbelow
detectionlimits.
4.1.2PlutoniumLoadingontoMST
Table5providesthemeasuredloadingsofplutoniumontoMST foreachtest.Starred
valuesat336or384hoursofcontacttimearethosemeasuredfromtherecoveredsolids.
All othervaluesarethosecalculatedbasedonthequantityofplutoniumremovedfrom
solutionandthequantityofMST addedtoeachtestbottle.Loadingvaluesareprovided
onweightpercent(wt%)andJ-lgPu/gMST bases.Forthewt%basis,theloadingis
calculatedincludingthemassesofall fissileelements(equation1).
Wt%=100* gPu
gPu+gU +gNp+gMST
(1)
Table5. 239/24oPlutoniumLoadingonMST
-
* StarredataisderivedfromtheloadedMST solidsanalyseswhereastherestof thedataisderivedfrom
thefiltratedata.
12
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Sample PuLoading(wt%) PuLoading(IlgPu/gMST)
Time Bottle1 Bottle2 Bottle3 Bottle1 Bottle2 Bottle3
PuTTA
4 0.558 0.608 0.104 6.02E+03 6.56E+03 1.14E+03
6 0.783 0.730 0.832 8.41E+03. 8.08E+03 9.22E+03
8 0.797 0.783 0.642 8.62E+03 8.68E+03 7.05E+03
24 1.15 0.977 1.00 1.21E+04 1.04E+04 1.08E+04
96 1.46 1.59 1.55 1.60E+04 1.75E+04 1.74E+04
168 2.09 1.98 2.04 2.41E+04 2.26E+04 2.35E+04
336/384 2.62 2.63 2.70 3.24E+04 3.27E+04 3.41E+04
336/384* 2.81 3.56 3.32 3.23E+04 4.20E+04 4.01E+04
ICP-MS
4 0.721 0.679 0.788 7.80E+03 7.33E+03 8.66E+03
6 0.748 0.787 0.823 8.02E+03 8.72E+03 9.12E+03
8 0.796 0.838 0.810 8.61E+03 9.30E+03 8.91E+03
24 0.988 1.01 1.00 1.04E+041.08E+04 1.07E+04
96 1.61 1.51 1.54 1.77E+04 1.66E+04 1.72E+04
168 2.07 2.01 2.13 2.38E+04 2.30E+04 2.45E+04
336/384 2.62 2.58 2.53 3.23E+04 3.20E+04 3.18E+04
336/384* 2.67 2.64 2.71 3.06E+04 3.09E+04 3.26E+04
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Fromthefiltratedatatheaverageplutoniumloadingsmeasured
0.576:1:0.245wt%and6.25:I:2.67E+03~gPulgMST after4-hoursofcontact,
1.02:1:0.0647wt%and1.09:1:0.0633E+04~gPulgMST after24-hoursofcontact,
2.05:1:0.0535wt%and2.36:1:0.071E+04~gPulgMST after168-hoursof contact,
and
2.62:1:0.0574wt%and3.26:1:0.0800E+04~gPulgMST after-360-hoursofcontact.n
TheanalysisoftherecoveredMST solidsafter-360hoursofcontactVprovidedan
averageplutoniumloadingof2.95:I: 0.390wt%and3.48:1:0.500E+04~gofPu
pergofMST.
Theclosestpreviousdatasetis frompreviousworkdonein 1993.Thepreviousdatawas
collectedat19°Caftera168-hourcontacttimeoverarangeofMST concentration
rangingfrom0.05-0.5glLMST. Fromaloadingcurvederivedfromthatwork,the
maximumplutoniumloadingat0.0235gMST perL of simulant(theconditionsofthis
work)is estimatedat0.192wt%. Thehighervaluereportedinthistestingisconsistent
withthemuchhigherinitialplutoniumconcentrationinthesimulantcomparedtothe
earliertesting.
4.1.3PlutoniumMassBalance
Onecheckofdataconsistencyiswhetherthesumoftheanalyticalresultsfromthe
filtrateandsolidsmatchtheknownamountsofplutoniuminsolutionbeforetheaddition
oftheMST. TheplutoniuminthefinalfiltratesampleandtheplutoniumontheMST
solidswerecomparedtotheplutoniuminsolutionbeforetheadditionofMST (Table6).
FortheplutoniuminthefiltratebeforeMST addition,thevalueistheaverageofthefour
samples.FortheplutoniumonMST, theamountofplutoniumcapturedonalltheMST
wascorrectedfortherecoveredquantityofMST. The%MassBalancetermwasderived
bydividingthesumofthePuinthefiltrateandPuontheMST bythePuinthefiltrate
beforeMST addition.
ThemassbalancefromthePuTTA analysesprovedlessprecisethanthatbasedonthe
ICP-MSanalyses.However,acrossallreplicatesandanalysesthemassbalanceaveraged
106:I: 11.9%,whichindicatesaverygoodmassbalanceforplutonium.
-
nTheaveragedatapointscontainbothPuTIA andICP-MSdata.
..JTheaveragesdonotaccountfortheslightdifferencesintimingof thefinalsamplesforthethreebottles.
Weconsidertheeffectofthetimedifferencetobeminimal.
13
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Table6.PlutoniumMassBalance
A secondmassbalancecheckcanbecalculatedbycomparingthe~360hourfiltrate
againstthesolidsdata.A goodmassbalancewill havebothvaluesclosetoeachother.
Inthiscase,thefiltratedataresultof3.26:f:0.0800E+04andthesolidsdataresultof
3.48:f:0.500E+04arewithinthecombineduncertaintiesofeachother.
4.2UraniumResults
4.2.1UraniumRemovalfromSolution
Table7providesthesolutionconcentrationsofuraniumateachsamplingtimeforthetest
andcontrolbottlesasdeterminedbytheICP-MSmethod.Table8providesthe
decontaminationfactors(DF)foreachsamplingtime.Figure9isthegraphical
representationofthedata.
Aswithplutonium,theuraniumresultshowahighdegreeofprecisionbetweenallthree
replicates.Priorto96-hoursofcontact,wecannotconclusivelydeterminethedegreeof
uraniumremoval.At orafter96-hourscontact,hesolutiondataindicatesincreasing
uraniumremovalwithincreasingcontacttime.
-
14
Pu in Filtrate Pu in Filtrate Pu onMST % Mass
BeforeMST afterMST Solids Balance
(J-lg) (J-lg) (J-lg) (%)
PuTTA
Bottle#1 7497:f:804.0 1030 6460 99.8
Bottle#2 7497:f:804.0 958 8410 125
Bottle#3 7497:f:804.0 681 8030 116
ICP-MS
Bottle#1 7565:f:1513 1100 6120 95.5
Bottle#2 7565:f:1513 1160 6180 97.1
Bottle#3 7565:f:1513 1200 6510 102
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Table7. UraniumConcentrations
NA =samplenotpulled
* Time0ispre-MSTandistheaverageof4pre-MSTvalues
Table8. UraniumDFValues
-
NA =samplenotpulled
15
....
Time 235/238UraniumValues y ICPMS
(hours) Jlg/LBottle1 Bottle2 Bottle3 Control
0* 2.65E+04(:f:5300)
4 2.49E+04(:1:4980)2.49E+04(:1:4980)2.45E+04(:1:4900)2.49E+04(:1:4980)
6 2.51E+04(:1:5020)2.43E+04(:1:4860)2.43E+04(:1:4860)2.47E+04(:1:4940)
8 2.49E+04(:1:4980)2.43E+04(:1:4860)2.45E+04(:1:4900)2.47E+04(:1:4940)
24 2.57E+04(:1:5140)2.53E+04(:1:5060)2.51E+04(:1:5020)2.51E+04(:1:5020)
96 2.47E+04(:1:4940)2.47E+04(:1:4940)2.43E+04(:1:4860)2.49E+04(:1:4980)
168 2.37E+04(:1:4740)2.39E+04(:1:4780)2.37E+04(:1:4740)2.47E+04(:1:4940)
336 2.21E+04(:1:4410) NA NA NA
384 NA 2.19E+04(:1:4370)2.15E+0(:l:4290) NA
235/238UraniumDF Values
Time byICPMS
(hours) Bottle Bottle Bottle
1 2 3
4 1.07 1.07 1.08
6 1.06 1.09 1.09
8 1.07 1.09 1.08
24 1.03 1.05 1.06
96 1.08 1.08 1.09
168 1.12 1.11 1.12
336 1.20 NA NA
384 NA 1.21 1.24
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Figure5. UraniumConcentrationVersusTimeasMeasuredbyICP-MS
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4.2.2UraniumLoadingontoMST
Table9providesthemeasuredloadingsofplutoniumontoMST foreachtest.Starred
valuesat336or384hoursofcontacttimearethosemeasuredfromtherecoveredsolids.
All othervaluesarethosecalculatedbasedonthequantityofuraniumremovedfrom
solutionandthequantityofMST addedtoeachtestbottle.Loadingvaluesareprovided
onweightpercent(wt%)andJlgU/gMST bases.Forthewt%basis,theloadingis
calculatedusingequation1exceptwiththemassofuraniuminthenumerator.
Table9.UraniumLoadingonMST
-
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Control
0 Bottle#1
----&-Bottle#2
x Bottle#3
---
.V"
---
Analysis U Loading(wt%) U Loading(UgU/gMST)Bottle1 Bottle2 Bottle3 Bottle1 Bottle2 Bottle3
4 6.50 6.50 7.95 7.03E+04 7.02E+04 8.74E+04
6 5.76 8.65 8.65 6.18E+04 9.59E+04 9.59E+04
8 6.50 8.65 7.95 7.03E+04 9.59E+04 8.74E+04
24 3.46 5.00 5.77 3.63E+04 5.33E+04 6.20E+04
96 7.17 7.19 8.59 7.89E+04 7.90E+04 9.59E+04
168 10.6 9.90 10.6 1.22E+05 1.13E+05 1.22E+05
336/384 15.4 16.0 17.1 1.90E+05 1.98E+05 2.15E+05
336/384* 9.39 11.0 13.2 1.08E+05 1.29E+05 1.58E+05
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* StarredataisderivedfromtheloadedMST solidsanalyseswhereastherestofthedataisderivedfrom
thefiltratedata.
Fromthefiltratedatatheaverageuraniumloadingsmeasured
6.98:1::0.837wt%and7.60:1::0.991E+04~gU/gMST after4-hoursofcontact,
4.74:1::1.17wt%and5.06:1::.31E+04~gU/gMST after24-hoursofcontact,
10.3:I::0.379wt%and1.19:1::0.0495E+05~gU/gMST after168-hoursofcontact,and
16.7:1::0.870wt%and2.01:1::0.130E+05~gU/gMST after~360-hoursofcontact.v
TheanalysisoftheMST solidsrecoveredafterapproximately2weeksofcontact
providedanaverageuraniumloadingof 11.2:I:: 1.89wt%and1.32:I::0.252E+05~gU/g
MST.
Theclosestpreviousdatasetis frompreviousworkdonein2002.Thepreviousdatawas
collectedat19°C,1week,at0.2gMST perL ofsimulant.Fromthatwork,the
maximumestimatedU loadingwas5.13:I::0.509%.Thehighervaluereportedinthis
testingisconsistentwiththehigherinitialuraniumconcentrationinthesimulant
comparedtotheearliertesting.
4.2.3UraniumMassBalance
Weusedthesamemethodologydescribedforplutoniumtochecktheuraniummass
balance.Table10providesthecalculatedvaluesandmassbalancesforeachtest.The
averagemassbalanceacrossallreplicatesandanalysesis93.8:I::1.10%,whichindicates
averygoodmassbalanceforuranium.
Table10.UraniumMassBalance
A secondmassbalancecheckcanbecalculatedbycomparingthe~360hourfiltrate
againstthesolidsdata.A goodmassbalancewill havebothvaluesclosetoeachother.
Inthiscase,thefiltratedataresultof2.01:I::0.130E+05andthesolidsdataresultof -
vTheaveragesdonotaccountfortheslightdifferencesintimingof thefinalsamplesforthethreebottles.
Weconsidertheeffectof thetimedifferencetobeminimal.
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U inFiltrate U inFiltrate U onMST %Mass
BeforeMST afterMST Solids Balance
(g) (g) (g) (%)
Bottle#1 2.26:1::0.452E+05 1.88E+05 2.16E+04 92.7
Bottle#2 2.26:1::0.452E+05 1.86E+05 2.58E+04 93.8
Bottle#3 2.26:1::0.452E+05 1.82E+05 3.16E+04 94.9
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1.32::I::0.252E+05are~52%different.Whilethemassbalancefrombothsetsofdatais
quitegood,whencomparingagainsteachotherthereis a largevariance.
4.3NeptuniumResults
4.3.1NeptuniumRemovalFromSolution
Table11providesthesolutionconcentrationsofneptuniumateachsamplingtimeforthe
testandcontrolbottlesasdeterminedbytheICP-MSmethod.Table12providesthe
decontaminationfactors(DF)foreachsamplingtime.Figure13isthegraphical
representationofthedata.
Aswithplutoniumanduranium,theneptuniumresultshowahighdegreeofprecision
betweenallthreereplicates.Priorto96-hoursof contact,wecannotconclusively
determinethedegreeofneptuniumremoval.At orafter96-hourscontact,hesolution
dataindicatesincreasingneptuniumremovalwithincreasingcontacttime.
Table11.237NeptuniumConcentrationOverTime
-
NA =samplenotpulled
* Time0ispre-MSTandistheaverageof4pre-MSTvalues
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Time 237NeptuniumValues by ICPMS
(hours)
j.lglL
BottleI Bottle2 Bottle3 Control
0* 477(::1::95.3)
4 400(:1:80.0)412(:1:82.4)396(:1:79.2)426(:1:85.2)
6 406(:1:81.2)392(:1:78.4)400(:1:80.0)418(:1:83.6)
8 404(:1:80.8)390(:1:78.0)390(:1:78.0)420(:1:84.0)
24 422(:1:84.4)416(:1:83.2)418(:1:83.6)434(:1:86.8)
96 376(:1:75.2)378(:1:75.6)378(:1:75.6)432(:1:86.4)
168 328(:1:65.6)340(:1:68.0)328(:1:65.6)426(:1:85.2)
336 222(:1:44.4) NA NA NA
384 NA 228(:1:45.6)216(:1:43.2) NA
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Table 12. Neptunium DF Values
NA =samplenotpulled
Figure6. NeptuniumConcentrationVersusTimeasMeasuredbyICP-MS
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237NeptuniumDF Values
Time by ICPMS
(hours) Bottle Bottle Bottle
1 2 3
4 1.19 1.16 1.20
6 1.17 1.22 1.19
8 1.18 1.22 1.22
24 1.13 1.15 1.14
96 1.27 1.26 1.26
168 1.45 1.40 1.45
336 2.15 NA NA
384 NA 2.09 2.21
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4.3.2NeptuniumLoadingonMST
Table13providesthemeasuredloadingsofneptuniumontoMST foreachtest.Starred
valuesat336or384hoursofcontacttimearethosemeasuredfromtherecoveredsolids.
All othervaluesarethosecalculatedbasedonthequantityofneptuniumremovedfrom
solutionandthequantityofMST addedtoeachtestbottle.Loadingvaluesareprovided
onweightpercent(wt%)andJ.lgNp/gMST bases.Forthewt%basis,theloadingis
calculatedusingequation1exceptwiththemassofneptuniuminthenumerator.
Table13.237NpLoadingonMST
* StarredataisderivedfromtheloadedMST solidsanalyseswhereastherestofthedataisderivedfrom
thefiltratedata.
Fromthefiltratedatatheaverageuraniumloadingsmeasured
0.289:i: 0.0306wt%and314:i:0.354E+03J.lgNp/gMST after4-hoursofcontact,
0.231:i: 0.0101wt%and2.46:i:0.130E+03J.lgNp/gMST after24-hoursofcontact,
0.535:i:0.0230wt%and6.14:i:0.294E+03J.lgNp/gMST after168-hoursofcontact,
and
0.869:i:0.0159wt%and1.08:i:0.0255E+04J.lgNp/gMST after~360-hoursof
contact.a
TheanalysisoftheMST solidsrecoveredafterapproximately2weeksofcontact
providedanaverageloadingof0.809:i: 0.0318wt%and9.55:i:0.472E+03J.lgNp/gof
MST).
4.3.3NeptuniumMassBalance
Weusedthesamemethodologydescribedforplutoniumtochecktheneptuniumass
balance.Table14providesthecalculatedvaluesandmassbalancesforeachtest.The
averagemassbalanceacrossallreplicatesandanalysesis93.8:i:1.07%,whichindicates
averygoodmassbalanceforneptunium.
aThe averagesdonotaccountfor theslightdifferencesin timingof thefinalsamplesfor thethreebottles.
We considertheeffectof thetimedifferencetobeminimal.
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Analysis
NpLoading(wt%) NpLoading(g Np/gMST)
Bottle1 Bottle2 Bottle3 Bottle1 Bottle2 Bottle3
4 0.301 0.254 0.311 3.25E+03 2.74E+03 3.42E+03
6 0.279 0.324 0.293 3.00E+03 3.59E+03 3.25E+03
8 0.285 0.332 0.334 3.08E+03 3.68E+03 3.68E+03
24 0.221 0.241 0.231 2.32E+03 2.57E+03 2.49E+03
96 0.388 0.381 0.375 4.27E+03 4.19E+03 4.19E+03
168 0.548 0.508 0.548 6.31E+03 5.80E+03 6.31E+03
336/384 0.877 0.851 0.880 1.08E+04 1.06E+04 1.11E+04
336/384* 0.823 0.773 0.830 9.46E+03 9.12E+03 1.01E+04
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Table14.NeptuniumMassBalance
A secondmassbalancecheckcanbecalculatedbycomparingthe~ 360hourfiltrate
againsthesolidsdata.A goodmassbalancewill havebothvaluesclosetoeachother.
In thiscase,thefiltratedataresultof 1.08:f:0.0255E+04andthesolidsdataresultof
9.55:f:0.472E+03areonlyslightlyoutsideofeachothersuncertainties.
4.4StrontiumResults
4.4.1StrontiumRemovalITomSolution
Table15providesthesolutionactivitiesof85Srateachsamplingtimeforthetestand
controlbottlesasdeterminedbygammaspectroscopy.Table16providesthe
decontaminationfactors(DF)foreachsamplingtime.Figure7isthegraphical
representationofthedata.
Aswiththeactinidemeasurements,the85Sresultshowahighdegreeofprecision
betweenallthreereplicates.Unliketheactinidemeasurements,weobservedarapid
decreasein85Sractivityduringthefirst24hoursfollowedbyagradualdecreaseoverthe
remainingtime.Theremovalof85Srprovedverylow(averageDF of2.65after2week
contact)comparedtoastrontiumDF of 181usingasimulantcontainingmuchhigher
initialstrontiumconcentrationa dcontactedwith0.4glLofMST for1week.Thelow
decontaminationfactorisnotunexpectedgiventhehighphaseratioof solutiontoMST
solidsandthelowinitialstrontiumconcentrationinthesimulant.
-
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Np inFiltrate NpinFiltrate NponMST %Mass
BeforeMST afterMST Solids Balance
(Jlg) (Jlg) (Jlg) (%)
Bottle#1 4.05:f:0.81OE+03 1.89E+03 1.89E+03 93.3
Bottle#2 4.05:f:0.810E+03 1.94E+03 1.82E+03 93.0
Bottle#3 4.05:f:0.810E+03 1.84E+03 2.01E+03 95.0
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Table15.85StrontiumActivityversusTimeasMeasuredbyGammaSpectroscopy
NA =samplenotpulled
* Time0ispre-MSTandistheaverageoffourvalues
Table16.StrontiumDF Values
NA =samplenotpulled
-
Time 85SrActivity
(hours)
dpmlmL
Bottle I Bottle2 Bottle3 Control
0* 3.04E+04(:i:592)
4 1.63E+04(:i:455)1.60E+04(:i:454)1.71E+04(:i:473)2.93E+04(:i:701)
6 1.64E+04(:i:459)1.60E+04(:i:452)1.5OE+04(:i:431) 2.79E+04(:i:677)
8 1.58E+04(:i:445)1.53E+04(:i:436)1.56E+04(:i:44.3)2.80E+04(:i:678)
24 1.49E+04(:i:381) .41E+04(:i:393)1.50E+04(:i:383)2.88E+04(:i:647)
96 1.36E+04(:i:396)1.35E+04(:i:385)1.36E+04(:i:357)2.81E+04(:i:624)
168 1.25E+04(:i:380)1.26E+04(:i:384)1.32E+04(:i:396)2.92E+04(:i:700)
336 1.14E+04(:i:263) NA NA NA
384 NA 1.14E+04(:i:262)1.16E+04(:i:265) NA
Time SrDFValues
Bottle Bottle Bottle
(hours) 1 2 3
4 1.87 1.90 1.77
6 1.85 1.90 2.02
8 1.93 1.99 1.95
24 2.04 2.15 2.02
96 2.23 2.26 2.23
168 2.43 2.40 2.29
336 2.66 NA NA
384 NA 2.67 2.62
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Figure7. 85StrontiumActivityoverTimebyGammaSpectroscopy
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4.4.2StrontiumLoadingonMST
Giventhelowstrontiumconcentrationinthesimulant,wedidnotdeterminetheloading
of strontiumontotheMST solids.Wedidmeasurethe85Srcontentintherecovered
solidssothatwecoulddeterminethe85Srmassbalance.
4.4.3StrontiumActivityBalance
Weusedthesamemethodologydescribedforplutoniumtocheckthe85Sractivity
balance.Table17providesthecalculatedvaluesandmassbalancesforeachtest.The
averagemassbalanceacrossallreplicatesandanalysesis92.8:!:2.12%,whichindicates
averygoodmassbalancefor85Sr.
Table17.85StrontiumActivityBalance
-
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r -t ControlT"r -y oJ Bottle#1
---lr- Bottle#2
)( Bottle#3
i
'£ - - 'T
,... --- -'4&
,
-SSSrin Filtrate IS'SrinFiltrate -g)SronMST %Activity
BeforeMST afterMST Solids Balance
(dpm) (dpm) (dpm) (%)
Bottle#1 2.58E+08 9.71E+07 1.49E+08 95.2
Bottle#2 2.58E+08 9.68E+07 1.35E+08 91.9
Bottle#3 2.58E+08 9.85E+07 1.37E+08 91.2
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4.53200HourResults
Afterthefirstversionofthisreportwasissued,thecustomerrequestedthatSRNL
examinethesupernatel velsofactinidesandstrontiumtodetermineif theresidualMST
continuedtosorbfissilematerial.Approximately3200hoursafterthestartofthe
originalexperimentpersonnelpulledsupernatesamplesfromeachofthethreebottles.
Thesamplepreparationandanalysisfollowedthesameprotocolsasthepreviousamples
inthiswork.
Beforediscussingtheresults,it is importanttonoteseveralcaveats.
· After~360hours,personnelremovedalargefractionoftheMST fromeachof
thebottles.Dependingonwhichbottle,technicianscollectedanywherefrom
33%to78%oftheMST attheendoftheoriginalexperimentfordigestion.
· Thebottlesremainedunstirredandatambienttemperatureb tweenthe360hour
samplingandthesubsequentsamplingat3200hours.
Theresultsfromthe3200hoursamplesarepresentedhere,attheendofthereport,soas
toavoidanydirectcomparisonswiththepreviousdata.Theremovalofalarge
percentageoftheMST, thelackofmixing,andtheunknownstateoftheresidualMST
(theresidualMST couldbeagglomeratedintoasinglemassorstucktothewallsofthe
bottles)makesuchacomparisonpotentiallyinappropriate.
4.5.1PlutoniumResults
Fortheplutoniumdata,onlythePuTTaanalysesdetectablel velsofplutonium.Eachof
theICPMS analysesfellbelowdetectionlimits.Table18showsthePuTTaresults.
Figure8showsthegraphofalloftheplutoniumdatapoints.
Table18.PuTTa Resultsfor the3200HourSamples
ThesolubleplutoniumconcentrationinBottle#1decreasedsignificantlymorethanthat
inBottles#2and#3.However,weremovedonly33%oftheMST fromBottle#1after
the360hourssampling,whileweremoved74%and78%oftheMST,respectively,from
Bottles#2and#3.Hence,oneintuitivelyexpectsgreaterremovalofsolubleplutonium
fromBottle#1.
-
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Time 239/24OpUSupernateValuesby
PuTTA (ug/L)
(hours) Bottle1 Bottle2 Bottle3
3192 1.03:1:0.110. NA NA
3240 NA 13.1:1:0.710 12.1:1:0.618
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ExaminationofFigure8showsthatheresidualMST stilliscapableofremoving
plutoniumfromsolutionovertime,evenwithoutagitation.
Figure8. PlutoniumActivityoverTimebyPuTTa
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4.5.2UraniumResults
WeanalyzeduraniuminsolutionbyICPMS. Table19showstheICPMSresults.
Figure9showsthegraphofalloftheuraniumdatapoints.
Table19.UraniumResultsfor the3200HourSamples
-
25
-
...J-
t»
:::I.- 750
c
0
:;;
co...-c
CD 500u
c
0
0
0
0)
:J
D.
Time 238USupernateValuesby
(hours)
ICPMS (Ilg/L)
BottleI Bottle2 Bottle3
3192 (1.19:i:O.238)E+04 NA NA
3240 NA (1.83:i:O.367)E+04(1.78:i:O.355)E+04
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Aswiththeplutonium,thesolubleuraniumconcentrationinBottle#1decreasedmore
thanthatinBottles#2and#3.ExaminationofFigure9showsthatheresidualMST still
iscapableofremovinguraniumfromsolutionovertime,evenwithoutagitation.
Figure9. UraniumActivityoverTimebyICPMS
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4.5.3NeptuniumResults.
NeptuniumanalysisinsolutionoccurbyICPMS. Table20showstheICPMSresults.
Figure10showsthegraphofalloftheneptuniumdatapoints.
Table20.NeptuniumResultsfor the3200HourSamples
-
26
Time 237NpSupernateValuesby
(hours)
ICPMS (J.lg/L)
Bottle1 Bottle2 Bottle3
3192 <20 NA NA
3240 NA (1.11:i 0.222)E+02 (1.15:i 0.230)E+02
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Again,neptuniumremovalisgreatestinBottle#1althoughthefinalsoluble
concentrationfallsbelowdetectionlimits.
An examinationfFigure10showsthatheresidualMST stilliscapableofremoving
neptuniumfromsolutionovertime,evenwithoutagitation.
::i 400-
C)
~-
s:::
.2 300-
I!-
s:::
CD
u
~200
(.)"CW')
N.
C.
Z 100
Figureto. NeptuniumActivityoverTimebyICPMS
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4.5.4StrontiumResults
Duetotheextendedtimebetweensamplesandtheshorthalf-lifeof85Sr,wedidnot
analyzefor85Sr.
.
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5.0DISCUSSIONOF RESULTS
TheoperationalstrategyfortheARP facilityisconsiderablydifferentthanthatplanned
fortheSaltWasteProcessingFacility.Duetothesmallbatchreactorsize,multiplesmall
batchesmustbeconductedtoaccumulatesufficientMST solidsforwashingand
transferringtotheDefenseWasteProcessingFacility(DWPF)fordisposal.Current
plansincludeatotalof seventeen(17)separatebatchcontacts.Thishastheeffectof
exposingtheMST solidstomultiplecontactswithfreshwastesolutions.Consequently
theloadingofstrontiumandfissileelementscouldbehigherthanthatintheSWPF
whichwill contacttheMST withasingleorpossiblytwobatchesofwastesolution.
Giventhepotentialforhigherfissileloadings,CBU requestedthatSRNL measurefissile
loadingsatconditionsthatwouldboundconditions.
Maximumfissileloadingwill occurathighphaseratiosandwithwastesolutionsthat
containhighconcentrationsofthefissileelements(Pu,U andNp)andlowstrontium
concentration.Theaveragephaseratiooverthe17-contactprocesscycleisplannedat
2500mUgMST (0.4glL MST). Afterthefirstcontactoftheprocesscycle,thephase
ratiofordecreasesa thetotalMST concentrationincreases.Thusforthe1ih contact,
thephaseratiodecreasesavalueofabout150assumingnolossesoftheMST solids.
Toprovideboundingfissileloadingswemeasuredtheloadingataphaseratioof42,500
mUgMST (0.0235glLMST). Thisistheratiocalculatedif asinglestrikeofMST at0.4
glLMST werecarriedthroughtheentire17-contactprocesscycle.Innormaloperations
only1/1ih ofthetotalquantityofMST solidspresentattheconclusionoftheprocess
cyclewouldhavecontactedwastesolutionatthisequivalentphaseratio.
Wealsochosetomeasuretheloadingsincontactwithasimulatedwastesolutionthat
containsveryhighconcentrationsofuranium,plutoniumandneptunium.Theselected
concentrationsrepresentthehighestexpectedvaluesforwastesolutionsthatwill be
processedthroughtheARP facility.Thus,themeasuredfissileloadingsreportedinthis
documentshouldprovideconservativealuesfornormaloperationsintheARP facility.
At theconditionstestedwemeasuredfissileloadingsfromtherecoveredMST solidsof
2.95:I: 0.390wt% forplutonium,11.2:I:1.89wt%foruranium,and0.809:I:0.0318wt
%forneptunium.Calculationsindicategoodmassbalanceagreementforallthree
actinides.Themeasuredloadingsforuraniumandplutoniuminthisstudyare
considerablyhigherthanthosepreviouslyreportedinsupportoftheIn-TankPrecipitation
Facility.Thehigherloadingsareconsistentwiththatexpectedgiventhemuchhigher
phaseratioandhigherfissileconcentrationsi thesimulatedwastesolution. -
Theresearcherscalculatedthetheoreticalmaximumloading12fromananalysisofthe
MST physicalstructure.Bycomparingthistothesumoftheloadedfissilespecies(Pu,
U,Np),wefindthepercentageoftheoreticalcapacityis34.6%.If weassumeonlythe
28
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fringeregionoftheMST physicalstructureis involvedwithfissileloading,thisvalue
increasesto74.6%.13ThisindicatesahighdegreeofloadingfortheMST andconfirms
theconditionsofourtestswerechallenging.
6.0CONCLUSIONS
Fromthisworkwederivethefollowingconclusions.
· TestingmeasuredthefollowingfissileloadingsontoMST atARP relevant
conditionsafter2weeksofcontact(averageof solutionandsolidsdata),
Pu: 2.79:f:0.197wt%,
U: 14.0:f:1.04wt%,and
Np:0.839:f:0.0178wt%.
· Fissileconcentrationsi thesimulatedwastesolutionsuggestshatequilibrium
conditionsmaynothavebeenreachedafterthe2-weekcontacttime. At longer
contacttimesinwhichthetestsystemwouldreachequilibrium,thefissile
loadingsmaybeslightlyhigherthanthosereportedabove.However,giventhe
veryhighphaseratiosandhighinitialfissileconcentrationsi thesimulatedwaste
solution,weconcludethathereportedvaluesrepresentconservativeloading
valuesunderconditionsrelevanttotheARP facility.
· TheresidualMST stillcontinuedtoremoveactinidesfromsolutionafteraperiod
of~3200hoursfromthestartoftheoriginalexperiment..
-
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APPENDIX I. SimulantMeasurements
Thesimulantwaspreparedintwo,24-literbatches.Theseparatebatcheswerecombined
intoasingle50Lcarboyandallowedtoequilibratefor2weeks.Threesampleswere
pulledforatotalof9analysesoverthe2weekequilibriumperiod,givingtheresultsin
thetablebelow.
Basedupontheanalyses,SRNLwithcustomerconcurrenced claredthesimulanttobe
readyforuseasmeasured.
-
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Species Target Result Uncertainty
sodium(ICPES) 5.6M 5.13 10%
nitrate 2.6M 2.59 10%
nitrite 0.134 0.133 10%
sulfate 0.521M 0.508 10%
freehydroxide 1.33M 1.32- 1.35 10%
plutonium 1200ug/L 880-890 20%
uranium 25,000ug/L 26,500 20%
neptunium 500ug/L 477 20%
strontium 50,000dpm/mL 30,400 2%
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